
(19) United States 
US 20150263559A1 

(12) Patent Application Publication (10) Pub. No.: US 2015/0263559 A1 
Kim (43) Pub. Date: Sep. 17, 2015 

(54) BATTERY PACK AND CONTROLLING 
METHOD THEREOF 

(71) Applicant: Samsung SDI Co., Ltd., Yongin-si (KR) 

(72) Inventor: Tae-Jin Kim, Yongin-si (KR) 

(21) Appl. No.: 14/642,470 

(22) Filed: Mar. 9, 2015 

(30) Foreign Application Priority Data 

Mar. 12, 2014 (KR) ........................ 10-2014-0O29086 

Publication Classification 

(51) Int. Cl. 
H02. 7/00 (2006.01) 

(52) U.S. Cl. 
CPC ............... H02J 7/0054 (2013.01); H02J 7/007 

(2013.01) 
(57) ABSTRACT 
A battery pack and a controlling method thereof are dis 
closed. In one aspect, the battery pack includes a charge? 
discharge control switch connected between the battery cell 
and a terminal of the battery pack and configured to control 
charge and discharge current of the battery cell. The battery 
pack also includes a battery management system configured 
to generate an operating signal to control the charge/dis 
charge control Switch, wherein the operating signal com 
prises a first operating signal having a varying level or a 
second operating signal having a constant level. The battery 
pack further includes a monitoring unit configured to control 
an on/off state of the charge/discharge control Switch based at 
least in part the operating signal received from the battery 
management system, and a blocking unit configured to turn 
off the charge/discharge control Switch based at least in parta 
blocking signal received from the battery management sys 
tem. 
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BATTERY PACKAND CONTROLLING 
METHOD THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to and the benefit of 
Korean Patent Application No. 10-2014-0029086, filed on 
Mar. 12, 2014, in the Korean Intellectual Property Office, the 
entire contents of which are incorporated herein by reference 
in their entirety. 

BACKGROUND 

0002 1. Field 
0003. The described technology generally relates to a bat 
tery pack and a controlling method thereof 
0004 2. Description of the Related Technology 
0005. As portable electronic devices such as mobile 
phones, digital cameras, and laptops are in wide use, a 
demand exists from more efficient rechargeable batteries. 
Furthermore, research has been directed to a large capacity 
battery system for an electric vehicle, an uninterruptible 
power Supply (UPS) or an energy storage system. 
0006. The standard commercial battery is configured as a 
battery pack of battery cells together with a protection circuit 
configured to control the charging and discharging of the 
battery. The protection circuit should efficiently and safely 
charge or discharge the battery. 

SUMMARY OF CERTAIN INVENTIVE ASPECTS 

0007. One inventive aspect is a battery pack and a control 
ling method thereof, capable of controlling a battery even 
when the battery pack is operating abnormally. 
0008 Another aspect is a battery pack having at least one 
battery cell, the battery pack including a charge/discharge 
control switch connected between the battery cell and a ter 
minal of the battery pack; a battery management system con 
figured to control the charge/discharge control Switch; a 
monitoring unit configured to control an on/off state of the 
charge/discharge control Switch, in response to an operating 
signal of the battery management system; and a blocking unit 
configured to turn off the charge/discharge control Switch in 
response to a blocking signal of the battery management 
system, wherein the operating signal comprises a first oper 
ating signal having a varying level or a second operating 
signal having a constant level. 
0009. The monitoring unit may perform control such that 
the charge/discharge control Switch is on when the first oper 
ating signal is input, and the charge/discharge control Switch 
is off when the second operating signal is input. 
0010. If the blocking unit receives the blocking signal 
while the charge/discharge control switch is controlled to be 
on by the monitoring unit, the blocking unit may turn off the 
charge/discharge control Switch. 
0011. The monitoring unit may further include a vibrator 
circuit, the vibrator circuit outputting a first level signal when 
the first operating signal is input, and outputting a second 
level signal when the second operating signal is input. 
0012. The charge/discharge control switch may include a 
discharge control Switch including a first parasitic diode and 
a first transistor, and a charge control Switch including a 
second parasitic diode and a second transistor. 
0013 The monitoring unit may include a first monitoring 
unit controlling an on/off state of the discharge control 
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Switch, and including a first vibrator circuit; and a second 
monitoring unit controlling an on/off state of the charge con 
trol Switch, and including a second vibrator circuit. 
0014. The first monitoring unit may further include a third 
transistor connected between a control electrode of the first 
transistor and a ground; a first resistor connected between a 
control electrode of the first transistor and the third transistor; 
and a second resistor connected between the control electrode 
of the first transistor and the first electrode of the first transis 
tOr. 

(0015. When the first level signal is input from the first 
vibrator circuit into the control electrode of the third transis 
tor, the third transistor may be controlled to be on. 
0016. The second monitoring unit may further include a 
fourth transistor connected between a control electrode of the 
second transistor and the ground; a third resistor connected 
between the control electrode of the second transistor and the 
fourth transistor; and a fourth resistor connected between the 
control electrode of the second transistor and the first elec 
trode of the second transistor. 
0017. When the first level signal is input from the second 
vibrator circuit into the control electrode of the fourth tran 
sistor, the fourth transistor may be controlled to be on. 
0018. The blocking unit may include a first blocking unit 
configured to turn off the discharge control Switch; and a 
second blocking unit configured to turn off the charge control 
switch. 
0019. The first blocking unit may include a fifth transistor 
connected between the control electrode of the first transistor 
and the first electrode of the first transistor, a sixth transistor 
connected between a control electrode of the fifth transistor 
and the ground; a fifth resistor connected between the control 
electrode of the fifth transistor and the first electrode of the 
first transistor; and a sixth resistor connected between the 
control electrode of the fifth transistor and the sixth transistor. 
0020. When the blocking signal is input into the control 
electrode of the sixth transistor, each of the fifth and sixth 
transistors may be controlled to be on. 
0021. The second blocking unit may include a seventh 
transistor connected between the control electrode of the 
second transistor and the first electrode of the second transis 
tor; an eighth transistor connected between a control elec 
trode of the seventh transistor and the ground; a seventh 
resistor connected between the control electrode of the sev 
enth transistor and the first electrode of the second transistor; 
and an eighth resistor connected between the control elec 
trode of the seventh transistor and the eighth transistor. 
0022. When the blocking signal is input into the control 
electrode of the eighth transistor, each of the seventh and 
eighth transistors may be controlled to be on. 
0023. When a terminal of the battery cell is connected to 
the first electrode of the first transistor, a terminal of the 
battery pack may be connected to the first electrode of the 
second transistor, and when the terminal of the battery pack is 
connected to the first electrode of the first transistor, the 
terminal of the battery cell may be connected to the first 
electrode of the second transistor. 
0024. Another aspect is a method of controlling a battery 
pack having at least one battery cell, and a battery manage 
ment system configured to control a charge/discharge control 
switch connected between the battery cell and a terminal of 
the battery pack, the method including monitoring an operat 
ing state of the battery management system using an operat 
ing signal of the battery management system; controlling an 
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on/off state of the charge/discharge control Switch according 
to a monitored result; and turning off the charge/discharge 
control switchifa blocking signal is received from the battery 
management system while the charge/discharge control 
Switch is controlled to be on, wherein the operating signal 
comprises a first operating signal having a varying level or a 
second operating signal having a constant level. 
0025. Another aspect is a battery pack including at least 
one battery cell, the battery pack comprising: a charge/dis 
charge control switch connected between the battery cell and 
a terminal of the battery pack and configured to control charge 
and discharge current of the battery cell; a battery manage 
ment system configured to generate an operating signal to 
control the charge/discharge control Switch, wherein the 
operating signal comprises a first operating signal having a 
varying level or a second operating signal having a constant 
level; a monitoring unit configured to control an on/off state 
of the charge/discharge control Switch based at least in part 
the operating signal received from the battery management 
system; and a blocking unit configured to turn off the charge? 
discharge control Switch based at least in part a blocking 
signal received from the battery management system. 
0026. In the above battery pack, the monitoring unit is 
further configured to control the charge/discharge control 
switch to remain turned on based at least in part on the first 
operating signal, and turn off the charge/discharge control 
Switch based at least in part on the second operating signal. In 
the above battery pack, the blocking unit is further configured 
to turn off the charge/discharge control switch based at least 
in part on the blocking signal received while the charge? 
discharge control switch is turned on. In the above battery 
pack, the monitoring unit further comprises a vibrator circuit 
configured to output a first level signal based at least in part on 
the first operating signal, and output a second level signal 
based at least in part on the second operating signal. In the 
above battery pack, the charge/discharge control Switch com 
prises: a discharge control Switch including a first parasitic 
diode and a first transistor, and a charge control Switch includ 
ing a second parasitic diode and a second transistor. In the 
above battery pack, the monitoring unit comprises: a first 
monitoring unit including a first vibrator circuit and config 
ured to control an on/offstate of the discharge control switch; 
and a second monitoring unit including a second vibrator 
circuit and configured to control an on/off state of the charge 
control switch. In the above battery pack, the first monitoring 
unit further comprises: a third transistor connected between a 
control electrode of the first transistor and a ground; a first 
resistor connected between a control electrode of the first 
transistor and the third transistor, and a second resistor con 
nected between the control electrode of the first transistor and 
a first electrode of the first transistor. 

0027. In the above battery pack, the third transistor is 
configured to be turned on when the first level signal is pro 
vided from the first vibrator circuit into the control electrode 
of the third transistor. In the above battery pack, the second 
monitoring unit further comprises: a fourth transistor con 
nected between a control electrode of the second transistor 
and the ground; a third resistor connected between the control 
electrode of the second transistor and the fourth transistor; 
and a fourth resistor connected between the control electrode 
of the second transistor and a first electrode of the second 
transistor. In the above battery pack, the fourth transistor is 
configured to be turned on when the first level signal is pro 
vided from the second vibrator circuit into the control elec 
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trode of the fourth transistor. In the above battery pack, the 
blocking unit comprises: a first blocking unit configured to 
turn off the discharge control Switch; and a second blocking 
unit configured to turn off the charge control switch. In the 
above battery pack, the first blocking unit comprises: a fifth 
transistor connected between the first and control electrodes 
of the first transistor; a sixth transistor connected between a 
control electrode of the fifth transistor and the ground; a fifth 
resistor connected between the control electrode of the fifth 
transistor and the first electrode of the first transistor, and a 
sixth resistor connected between the control electrode of the 
fifth transistor and the sixth transistor. In the above battery 
pack, each of the fifth and sixth transistors is configured to be 
turned on when the blocking signal is input into the control 
electrode of the sixth transistor. 
0028. In the above battery pack, the second blocking unit 
comprises: a seventh transistor connected between the first 
and control electrodes of the second transistor, an eighth 
transistor connected between a control electrode of the sev 
enth transistor and the ground; a seventh resistor connected 
between the control electrode of the seventh transistorand the 
first electrode of the second transistor, and an eighth resistor 
connected between the control electrode of the seventh tran 
sistorand the eighth transistor. In the above battery pack, each 
of the seventh and eighth transistors is configured to be turned 
on when the blocking signal is input into the control electrode 
of the eighth transistor. In the above battery pack, a terminal 
of the battery pack is configured to be connected to the first 
electrode of the second transistor when a terminal of the 
battery cell is connected to the first electrode of the first 
transistor, and wherein the terminal of the battery cell is 
configured to be connected to the first electrode of the second 
transistor when the terminal of the battery pack is connected 
to the first electrode of the first transistor. 
0029. Another aspect is a method of controlling a battery 
pack including at least one battery cell, and a battery man 
agement system configured to control a charge/discharge 
control switch connected between the battery cell and a ter 
minal of the battery pack, the method comprising: monitoring 
an operating state of the battery management system based at 
least in part on an operating signal received from the battery 
management system; controlling an on/off state of the charge? 
discharge control Switch based at least in part on a monitored 
result; and turning off the charge/discharge control Switch 
when a blocking signal is received from the battery manage 
ment system while the charge/discharge control Switch is 
turned on, wherein the operating signal comprises a first 
operating signal having a varying level or a second operating 
signal having a constant level. 
0030. In the above method, the monitoring further com 
prises: determining that the battery management system is 
operating normally when the battery management system 
outputs the first operating signal; and determining that the 
battery management system is operating abnormally when 
the battery management system outputs the second operating 
signal. In the above method, the controlling further com 
prises: determining that the battery management system is 
operating normally when the charge/discharge control Switch 
is turned on; and determining that the battery management 
system is operating abnormally when the charge/discharge 
control switch is turned off. 
0031. Another aspect is a battery pack including at least 
one battery cell, the battery pack comprising: a charge/dis 
charge control switch connected between the battery cell and 
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a terminal of the battery pack and configured to control charge 
and discharge current of the battery cell; a battery manage 
ment system configured to generate an operating signal to 
control the charge/discharge control Switch, wherein the 
operating signal comprises a first operating signal having a 
varying level or a second operating signal having a constant 
level; and a monitoring unit configured to determine, based at 
least in part on the first operating signal, that the battery 
management system is operating normally and to control the 
charge/discharge control Switch to remain turned on, and 
wherein the monitoring unit is further configured to deter 
mine, based at least in part on the second operating signal, that 
the battery management system is operating abnormally and 
turn off the charge/discharge control Switch. 
0032. According to at least one of the disclosed embodi 
ments, it is possible to reliably protect a battery even when a 
battery management system included in a battery pack to 
control the charging/discharging of the battery is operating 
abnormally. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0033 FIG. 1 is a view showing an example of a typical 
battery pack. 
0034 FIG. 2 is a circuit diagram of a battery pack accord 
ing to an embodiment 
0035 FIGS. 3A and 3B are views showing an operating 
signal according to an embodiment. 
0036 FIG. 4 is a circuit diagram of a battery pack, show 
ing in detail circuits of a monitoring unit and a blocking unit 
according to an embodiment. 
0037 FIG. 5 is a flowchart showing the entire flow of a 
method of controlling a battery pack according to an embodi 
ment. 

DETAILED DESCRIPTION OF CERTAIN 
INVENTIVE EMBODIMENTS 

0038 FIG. 1 is a view showing an example of a typical 
battery pack (not necessarily prior art). Referring to FIG. 1, 
the battery pack 1 includes a battery 10 and a protection 
circuit 20. The protection circuit 20 includes a battery man 
agement system 21 configured to control the charging and 
discharging of the battery, and a charge/discharge control 
switch 22. 
0039. When a defect occurs in the battery pack 1 during a 
discharging operation, the battery management system 21 
turns off a discharge control Switch 22A, thus protecting the 
battery 10. Furthermore, when a defect occurs in the battery 
pack 1 during a charging operation, the battery management 
system 21 turns off a charge control switch 220B, thus pro 
tecting the battery 100. However, if the battery management 
system 21 is operating abnormally, it is very difficult to con 
trol the charge/discharge control switch 22 and thereby pro 
tect the battery 10. 
0040. In the following detailed description, only certain 
exemplary embodiments have been shown and described, 
simply by way of illustration. As those skilled in the art would 
realize, the described embodiments may be modified in vari 
ous different ways, all without departing from the spirit or 
Scope of the present invention. Accordingly, the drawings and 
description are to be regarded as illustrative in nature and not 
restrictive. In addition, when an element is referred to as 
being “on” another element, it can be directly on the another 
element or be indirectly on the another element with one or 
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more intervening elements interposed therebetween. Also, 
when an element is referred to as being “connected to 
another element, it can be directly connected to the another 
element or be indirectly connected to the another element 
with one or more intervening elements interposed therebe 
tween. Hereinafter, like reference numerals refer to like ele 
mentS. 

0041. In the drawing figures, dimensions may be exagger 
ated for clarity of illustration. It will be understood that when 
an element is referred to as being “between two elements, it 
can be the only element between the two elements, or one or 
more intervening elements may also be present. Like refer 
ence numerals refer to like elements throughout. 
0042. In this disclosure, the term “substantially includes 
the meanings of completely, almost completely or to any 
significant degree under some applications and in accordance 
with those skilled in the art. Moreover, “formed on can also 
mean “formed over.” The term “connected includes an elec 
trical connection. 
0043. Hereinafter, embodiments will be described with 
reference to the accompanying drawings. 
0044 FIG. 2 is a circuit diagram of a battery pack accord 
ing to an embodiment of the present invention. 
0045 Referring to FIG. 2, the battery pack 10 includes a 
battery 100 and a protection circuit 200. The protection cir 
cuit 200 includes a battery management system (hereinafter 
referred to as BMS) 210, a charge/discharge control switch 
220, a monitoring unit 230, a blocking unit including first and 
second blocking units 240A and 240B, and a terminal unit 
250. The charge/discharge control switch 220 includes a dis 
charge control Switch 220A and a charge control Switch 
22OB. 
0046. The battery 100 stores power, and supplies power to 
an electronic device to which the battery pack10 is mounted. 
Further, if a charger is connected to the battery pack 10, the 
battery 100 may be charged using external power. The battery 
100 may include at least one battery cell. Various secondary 
(rechargeable) batteries may be used for the battery cell. For 
example, the secondary battery used for the battery cell may 
include one or more of the following batteries: a nickel 
cadmium battery, a lead storage battery, a nickel metal 
hydride battery (NiMH), a lithium ion battery, a lithium poly 
mer battery, etc. 
0047. The BMS 210 is configured to control the charging/ 
discharging operation of the battery 100 and the entire opera 
tion of the protection circuit 200. The BMS 210 may include 
a power supply terminal VDD, a ground terminal VSS, a 
current control terminal CC, a discharge control terminal 
DCG, a charge control terminal CHG, a data terminal DATA 
and others. 
0048 Power supply voltage and ground voltage are 
applied to the BMS 210 via the power supply terminal VDD 
and the ground terminal VSS, respectively. 
0049. The BMS 210 outputs an operating signal to the 
monitoring unit 230 to control the on/off state of the charge/ 
discharge control switch 220. 
0050. In some embodiments, the BMS 210 outputs an 
operating signal to the monitoring unit 230 via the discharge 
control terminal DCG to control the on/off state of the dis 
charge control Switch 220A during the discharging operation. 
Further, the BMS 210 outputs an operating signal through the 
charge control terminal CHG to control the on/offstate of the 
charge control Switch 220B during the charging operation. 
The BMS 210 outputs data via the data terminal DATA, and 
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the output data is transmitted through a communication ter 
minal 253 to an external device. Further, the BMS 210 may 
receive data or instructions, applied to the communication 
terminal 253, via the data terminal DATA. 
0051. The BMS 210 monitors a charging or discharging 
state of the battery 100, a temperature, a current flow state in 
the battery pack 10, etc. Further, the BMS 210 may measure 
intermediate voltage between the battery cells. The BMS 210 
can control the cell balancing of the battery cell and the 
charging/discharging of the battery 100 according to the 
monitored or measured result. Although not shown in FIG. 2, 
the BMS 210 may further include terminals for measuring the 
intermediate Voltage, the temperature and/or others or for 
monitoring the charging or discharging state or the current 
flow. 
0052 Although it is shown in the disclosed embodiments 
that the BMS 210 controls all components in the battery pack 
10, the described technology is not limited thereto. For 
example, the battery pack may be configured such that it 
further includes an analog front end (not shown) for monitor 
ing the state of the battery 100 and controlling the operation of 
the charge/discharge control switch 220 and the BMS 210 
controls the analog front end. 
0053. The discharge control switch 220A and the charge 
control switch 220B can be located on a high current path to 
control the flow of discharge current and charge current. The 
discharge control switch 220A serves to control the flow of 
the discharge current, while the charge control switch 220B 
serves to control the flow of the charge current. 
0054 The discharge control switch 220A includes a first 
transistor T1 and a first parasitic diode D1. The first transistor 
T1 is connected to limit the flow of current from a negative 
terminal 252 to the battery 100 or from the battery 100 to a 
positive terminal 251. That is, the use of the first transistor T1 
blocks the flow of discharge current. Here, the first transistor 
T1 is formed to allow charge current to flow through the first 
parasitic diode D1. A connecting direction of first and second 
electrodes of the first transistor T1 is opposite to a connecting 
direction of first and second electrodes of the second transis 
tor T2. 

0055. The first electrode may be established as either of a 
Source electrode or a drain electrode, and the second electrode 
may be established as an electrode different from the first 
electrode. For example, if the first electrode is established as 
the source electrode, the second electrode established as the 
drain electrode. 
0056. As shown in FIG. 2, the positive terminal B+ of the 
battery 100 is connected to the first electrode of the first 
transistorT1, and the positive terminal 251 of the battery pack 
10 is connected to the first electrode of the second transistor 
T2. Ofcourse, the positive terminal 251 of the battery pack10 
may be connected to the first electrode of the first transistor 
T1, and the positive terminal B+ of the battery 100 may be 
connected to the first electrode of the second transistor T2. 
0057 The charge control switch 220B includes a second 
transistor T2 and a second parasitic diode D2. The second 
transistor T2 is connected to limit the flow of current from the 
positive terminal 251 to the battery 100 or from the battery 
100 to the negative terminal 252. That is, the flow of charge 
current is blocked using the second transistor T2. In this case, 
the second transistor T2 is formed to allow discharge current 
to flow through the second parasitic diode D2. 
0058. The monitoring unit 230 can monitor the operating 
state (normal operation, abnormal operation) of the BMS 210 
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in response to an operating signal that is output from the BMS 
210, and thereby control the on/off state of the charge/dis 
charge control Switch 220 according to the monitored oper 
ating state. 
0059. The operating signal may include a first operating 
signal having a varying level, and a second operating signal 
having a constant level. 
0060. In some embodiments, if the operating signal is the 

first operating signal whose level varies per a predetermined 
time T as shown in FIG. 3A, the monitoring unit 230 deter 
mines that the BMS 210 is operating normally, and then 
controls the charge/discharge control switch 220 to be turned 
on. In some embodiments, if the operating signal is the second 
operating signal whose level is kept constant beyond a pre 
determined time T, the monitoring unit 230 determines that 
the BMS 210 is operating abnormally, and then controls the 
charge/discharge control switch 220 to be turned off. 
0061. If the BMS 210 is operating normally, it is possible 
to output the first operating signal, the level of which varies 
per the predetermined time T. However, if the BMS 210 
malfunctions as shown in FIG. 3B, the BMS 210 does not 
change the level of the operating signal, so that the second 
operating signal whose level is kept constant is output. 
0062. In the case where the BMS 210 directly controls the 
charge/discharge control switch 220, if the BMS 210 contin 
ues outputting only the ON signal of the charge/discharge 
control switch 220 due to its abnormal operation, it is difficult 
to protect the battery when it is over-charged or over-dis 
charged. 
0063. On the contrary, when the monitoring unit 230 
receives the second operating signal having the constant level 
from the BMS 210, the monitoring unit 230 controls the 
charge/discharge control switch 220 to be turned off in 
response to determining that the BMS 210 is operating abnor 
mally, the battery 100 can be protected. 
0064. The monitoring unit 230 may include a first moni 
toring unit 230A and a second monitoring unit 230B. The first 
monitoring unit 230A receives the operating signal from the 
discharge control terminal DCG of the BMS 210 during the 
discharging operation of the battery, and then controls the 
on/off state of the discharge control switch 220A. The second 
monitoring unit 230B receives the operating signal from the 
charge control terminal (CHG) of the BMS 210 during the 
charging operation of the battery, and then controls the on/off 
state of the charge control switch 220B. 
0065. The first and second blocking units 240A and 240B 
can turn off the charge/discharge control switch 220 based on 
the blocking signal that is input from the BMS 210. 
0.066 For example, the first blocking unit 240A turns off 
the discharge control switch 220A based on the blocking 
signal that is input through the discharge control terminal 
DCG of the BMS 210. Furthermore, the second blocking unit 
240B turns off the charge control switch 220B based on the 
blocking signal that is input through the charge control ter 
minal CHG of the BMS 210. 
0067. If a defect occurs in the battery pack 10 during the 
charging/discharging operation, the BMS 210 may output the 
second operating signal having the constant level to the moni 
toring unit 230 and then control the charge/discharge control 
Switch 220 to be turned off. 
0068. However, the monitoring unit 230 monitors whether 
the level of the operating signal is changed per the predeter 
mined time, thus controlling the charge/discharge control 
switch 220. That is, a delay operation exceeding the prede 
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termined time may occur when the charge/discharge control 
switch 220 is controlled from the on state to off state. 
0069. In some embodiments, the first and second blocking 
units 240A and 240B are further provided to allow the charge/ 
discharge control switch 220 to be rapidly turned off, thus 
solving the delay operation due to the monitoring unit 230. 
That is, if the blocking units 240A and 240B receive the 
blocking signal from the BMS 210 while the charge/dis 
charge control switch 220 is controlled to be turned on by the 
monitoring unit 230, the blocking units 240A and 240B turn 
off the charge/discharge control switch 220. 
0070. The terminal unit 250 couples the battery pack 10 
with an external device. Here, the external device may be an 
electronic device, a vehicle, an electric Vehicle, a charger, etc. 
The terminal unit 250 includes a positive terminal 251, a 
negative terminal 252, a communication terminal 253, etc. 
The charge current enters the positive terminal 251, and the 
discharge current exits the positive terminal 251. On the con 
trary, the charge current exits the negative terminal 252, and 
the discharge current enters the negative terminal 252. The 
communication terminal 253 is connected to the data terminal 
DATA of the BMS 210, thus serving as a path for transmitting 
data and an instruction between the BMS 210 and the external 
device. 
0071 FIG. 4 is a circuit diagram of the battery pack, show 
ing in detail circuits of the monitoring unit and the blocking 
unit according to an embodiment. The circuit configuration 
and driving principle of the first monitoring unit 230A, the 
first blocking unit 240A, the second monitoring unit 230B, 
and the second blocking unit 240B will be described below in 
detail with reference to FIG. 4. 
0072 The first monitoring unit 230A includes a first vibra 
tor circuit 231A and a third transistor T3. 
0073. The first vibrator circuit 231A can receive an oper 
ating signal that is input through the discharge control termi 
nal DCG of the BMS 210 during the discharging operation of 
the battery pack 10, and then output a first level signal or a 
second level signal. 
0074 For example, the first vibrator circuit 231A is a 
circuit that outputs the first level signal if the first operating 
signal having the varying level is input, and outputs the sec 
ond level signal if the second operating signal having the 
constant level is input. In this regard, the first vibrator circuit 
231 A may be a single-shot multi-vibrator. 
0075. The third transistor T3 is connected between a 
ground and a control electrode of the first transistor T1. A first 
resistor R1 is connected between the first electrode of the 
third transistor T3 and the control electrode of the first tran 
sistor T1. The second electrode of the third transistor T3 is 
connected to the ground, and the control electrode is con 
nected to an output port of the first vibrator 231A. A second 
resistor R2 is connected between the control electrode of the 
first transistor T1 and the first electrode of the first transistor 
T1. 
0076. The third transistor T3 can be turned on in response 

to the first level signal that is input into the control electrode 
of the third transistor T3, and can be turned offin response to 
the second level signal. 
0077. When the third transistorT3 is turned on, a first node 
N1 is connected to the first resistor R1 and the ground, so that 
the voltage of the first node N1 is discharged to the ground, 
and thereby the first transistor T1 is turned on. 
0078. When the third transistor T3 is turned off, the first 
node N1 is not connected to the ground any more, thus pre 
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venting the voltage of the first node N1 from being discharged 
to the ground. Hence, the voltage of the first node N1 is 
increased to the voltage of the battery 100, so that the first 
transistor T1 is turned off. 
(0079. The first blocking unit 240A can turn off the dis 
charge control Switch 220A in response to the blocking signal 
that is input through the discharge control terminal (DCG) of 
the BMS 210. The first blocking unit 240A may include a fifth 
transistor T5 and a sixth transistor T6. 
0080. The fifth transistor T5 is connected between the 
control electrode of the first transistor T1 and the first elec 
trode of the first transistor T1. The first electrode of the fifth 
transistor T5 is connected to the first electrode of the first 
transistor T1, the second electrode is connected to the control 
electrode of the first transistor T1, and the control electrode is 
connected to a second node N2. A fifth resistor R5 is con 
nected between the first electrode of the fifth transistorT5 and 
the second node N2. 
0081. The sixth transistor T6 is connected between the 
fifth transistor T5 and the ground. A sixth resistor R6 is 
connected between the first electrode of the sixth transistor T6 
and the second node N2. The ground is connected to the 
second electrode of the sixth transistor T6, and the discharge 
control terminal DCG is connected to the control electrode. 
I0082. The sixth transistor T6 can be turned on in response 
to the blocking signal that is input into the control electrode of 
the sixth transistor T6. The sixth transistor T6 can be turned 
off when no blocking signal is input. 
0083. Since the second node N2 is connected to the sixth 
resistor R6 and the ground when the sixth transistor T6 is 
turned on, the Voltage of the second node N2 is discharged to 
the ground, and thereby the fifth transistor T5 is turned on. 
I0084. When the fifth transistorT5 is turned on, the voltage 
of the first node N1 is increased to the voltage of the battery 
100, so that the first transistor T1 is turned off. 
0085. Since the second node N2 is not connected to the 
ground any more when the sixth transistor T6 is turned off, the 
Voltage of the second node N2 is not discharged to the ground. 
Therefore, the voltage of the second node N2 is increased to 
the voltage of the battery 100, and thereby the fifth transistor 
T5 is turned off. 
I0086. The second monitoring unit 230B includes a second 
vibrator circuit 231B and a fourth transistor T4. 
I0087. The second vibrator circuit 231B receives the oper 
ating signal that is input through the charge control terminal 
CHG of the BMS 210 during the discharging operation of the 
battery pack 10, thus outputting the first level signal or the 
second level signal. 
I0088 For example, the second vibrator circuit 231B out 
puts the first level signal if the first operating signal having the 
varying level is input, and outputs the second level signal if 
the second operating signal having the constant level is input. 
The second vibrator circuit 231 B may be a single-shot multi 
vibrator. 

0089. The fourth transistor T4 is connected between the 
ground and the control electrode of the second transistor T2. 
A third resistor R3 is connected between the first electrode of 
the fourth transistorT4 and the control electrode of the second 
transistor T2. The second electrode of the fourth transistor T4 
is connected to the ground, and the control electrode is con 
nected to an output port of the second vibrator 231B. A fourth 
resistor R4 is connected between the control electrode of the 
second transistor T2 and the first electrode of the second 
transistor T2. 
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0090 The fourth transistorT4 can be turned on in response 
to the first level signal that is input into the control electrode 
of the fourth transistor T4, and is turned offin response to the 
second level signal. 
0091. When the fourth transistor T4 is turned on, a third 
node N3 is connected to the third resistor R3 and the ground, 
so that the voltage of the third node N3 is discharged to the 
ground, and thereby the second transistor T2 is turned on. 
0092. When the fourth transistor T4 is turned off, the third 
node N3 is not connected to the ground any more, thus pre 
venting the voltage of the third node N3 from being dis 
charged to the ground. Hence, the voltage of the third node N3 
is increased to the voltage of the positive terminal 251 of the 
battery pack 20, so that the second transistor T2 is turned off. 
0093. The second blocking unit 240B can turns off the 
charge control switch 220B based on the blocking signal that 
is input through the charge control terminal (CHG) of the 
BMS 210. The second blocking unit 240B may include a 
seventh transistor T7 and an eighth transistor T8. 
0094. The seventh transistor T7 is connected between the 
control electrode of the second transistor T2 and the first 
electrode of the second transistorT2. The first electrode of the 
seventh transistor T7 is connected to the first electrode of the 
second transistor T2, the second electrode is connected to the 
control electrode of the second transistor T2, and the control 
electrode is connected to a fourth node N4. A seventh resistor 
R7 is connected between the first electrode of the seventh 
transistor T7 and the fourth node N4. 
0095. The eighth transistor T8 is connected between the 
seventh transistor T7 and the ground. An eighth resistor R8 is 
connected between the first electrode of the eighth transistor 
T8 and the fourth node N4. The ground is connected to the 
second electrode of the eighth transistor T8, and the charge 
control terminal CHG is connected to the control electrode. 
0096. The eighth transistor T8 can be turned on in 
response to the blocking signal that is input into the control 
electrode of the eighth transistor T8. The eighth transistor T8 
can be turned off when no blocking signal is input. 
0097. Since the fourth node N4 is connected to the eighth 
resistor R8 and the ground when the eighth transistor T8 is 
turned on, the voltage of the fourth node N4 is discharged to 
the ground, and thereby the seventh transistor T7 is turned on. 
0098. When the seventh transistor T7 is turned on, the 
voltage of the third node N3 is increased to the voltage of the 
positive terminal 251 of the battery pack 20, so that the second 
transistor T2 is turned off. 
0099. Since the fourth node N4 is not connected to the 
ground any more when the eighth transistor T8 is turned off, 
the voltage of the fourth node N4 is not discharged to the 
ground. Therefore, the voltage of the fourth node N4 is 
increased to the voltage of the positive terminal 251 of the 
battery pack 20, so that the seventh transistor T7 is turned off. 
0100. As shown in FIG. 4, the positive terminal B+ of the 
battery 100 is connected to the first electrode of the first 
transistorT1, and the positive terminal 251 of the battery pack 
10 is connected to the first electrode of the second transistor 
T2. However, naturally, the positive terminal 251 of the bat 
tery pack10 may be connected to the first electrode of the first 
transistor T1, and the positive terminal B+ of the battery 100 
may be connected to the first electrode of the second transistor 
T2. 

0101. Further, although it is shown that each of the first 
and second transistors T1 and T2 is formed using a n-type 
field-effect transistor (FET), the first, second transistor T1, T2 
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may be formed using a p-type field-effect transistor (FET) 
without being limited to the n-type field-effect transistor. 
Furthermore, although it is shown that each of the third, 
fourth, sixth and eighth transistors T3, T4, T6 and T8 is an 
N-type junction transistor (BJT) and each of the fifth and 
seventh transistors T5 and T7 is a P-type junction transistor 
(BJT), they may be formed using the field effect transistor 
(FET). 
0102. In this regard, the first electrode of each of the third 
to eighth transistors T3 to T8 may be an emitter electrode or 
a collector electrode, while the second electrode may be an 
electrode that is different from the first electrode. For 
example, if the first electrode is the emitter electrode, the 
second electrode may be the collector electrode. 
(0103 FIG. 5 is a flowchart showing the entire flow of a 
method of controlling a battery pack according to an embodi 
ment. Hereinafter, the method of controlling the battery pack 
according to the embodiment will be described with reference 
to FIGS. 3 and 5. 
0104 First, at step S100, the monitoring unit 230 receives 
the operating signal from the BMS 210 
0105. Here, the operating signal may include the first oper 
ating signal whose level varies, and the second operating 
signal whose level is kept constant. 
0106 Subsequently, at step S105, the monitoring unit 230 
monitors the operating state of the BMS 210 using the oper 
ating signal. For example, if the operating signal is the first 
operating signal, the monitoring unit 230 determines that the 
BMS 210 is operating normally. Also, if the operating signal 
is the second operating signal, the monitoring unit 230 deter 
mines that the BMS 210 is operating abnormally. 
0107 Next, if it is determined that the BMS 210 is oper 
ating normally according to the result monitored at step S110. 
the monitoring unit 230 can control the charge/discharge 
control switch 220 to be turned on, at step S115. In contrast, 
if it is determined that the BMS 210 is operating abnormally 
according to the result monitored at Step S110, the monitoring 
unit 230 can control the charge/discharge control switch 220 
to be turned off, at step S120. 
0108. At step S125, the blocking unit 240 determines 
whether the blocking signal is received from the BMS 210 
while the charge/discharge control switch 220 is controlled to 
be on. 
0109. At step S130, the blocking unit 240 turns off the 
charge/discharge control switch 220 if the blocking unit 240 
receives the blocking signal. 
0110. As described above, according to at least one of the 
disclosed embodiments, the operating state (normal or abnor 
mal operating state) of the BMS 210 is monitored, and then 
the charge/discharge control switch 220 is controlled to be 
turned off when the BMS 210 is operating abnormally, thus 
protecting the battery 100. 
0111. At least one embodiment can include an additional 
blocking unit 240 to allow the charge/discharge control 
switch 220 to be immediately turned off, thus preventing the 
delay operation of the charge/discharge control Switch that is 
controlled to be on or off according to the monitored result. 
0112 Example embodiments have been disclosed herein, 
and although specific terms are employed, they are used and 
are to be interpreted in a generic and descriptive sense only 
and not for purpose of limitation. In some instances, as would 
be apparent to one of ordinary skill in the art as of the filing of 
the present application, features, characteristics, and/or ele 
ments described in connection with a particular embodiment 
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may be used singly or in combination with features, charac 
teristics, and/or elements described in connection with other 
embodiments unless otherwise specifically indicated. 
Accordingly, it will be understood by those of skill in the art 
that various changes inform and details may be made without 
departing from the spirit and scope of the present invention as 
set forth in the following claims. 
What is claimed is: 
1. A battery pack including at least one battery cell, the 

battery pack comprising: 
a charge/discharge control Switch connected between the 

battery cell and a terminal of the battery pack and con 
figured to control charge and discharge current of the 
battery cell; 

a battery management system configured to generate an 
operating signal to control the charge/discharge control 
Switch, wherein the operating signal comprises a first 
operating signal having a varying level or a second oper 
ating signal having a constant level; 

a monitoring unit configured to control an on/off State of 
the charge/discharge control Switch based at least in part 
on the operating signal received from the battery man 
agement System; and 

a blocking unit configured to turn off the charge/discharge 
control Switch based at least in part on a blocking signal 
received from the battery management system. 

2. The battery pack of claim 1, wherein the monitoring unit 
is further configured to control the charge/discharge control 
switch to remain turned on based at least in part on the first 
operating signal, and turn off the charge/discharge control 
Switch based at least in part on the second operating signal. 

3. The battery pack of claim 2, wherein the blocking unit is 
further configured to turn off the charge/discharge control 
Switch based at least in part on the blocking signal received 
while the charge/discharge control Switch is turned on. 

4. The battery pack of claim 2, wherein the monitoring unit 
further comprises a vibrator circuit configured to output a first 
level signal based at least in part on the first operating signal, 
and output a second level signal based at least in part on the 
Second operating signal. 

5. The battery pack of claim 4, wherein the charge/dis 
charge control Switch comprises: 

a discharge control Switch including a first parasitic diode 
and a first transistor, and 

a charge control Switch including a second parasitic diode 
and a second transistor. 

6. The battery pack of claim 5, wherein the monitoring unit 
comprises: 

a first monitoring unit including a first vibrator circuit and 
configured to control an on/off State of the discharge 
control Switch; and 

a second monitoring unit including a second vibrator cir 
cuit and configured to control an on/off state of the 
charge control Switch. 

7. The battery pack of claim 6, wherein the first monitoring 
unit further comprises: 

a third transistor connected between a control electrode of 
the first transistor and a ground; 

a first resistor connected between a control electrode of the 
first transistor and the third transistor; and 

a second resistor connected between the control electrode 
of the first transistor and a first electrode of the first 
transistor. 
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8. The battery pack of claim 7, wherein the third transistor 
is configured to be turned on when the first level signal is 
provided from the first vibrator circuit into the control elec 
trode of the third transistor. 

9. The battery pack of claim 6, wherein the second moni 
toring unit further comprises: 

a fourth transistor connected between a control electrode of 
the second transistor and the ground; 

a third resistor connected between the control electrode of 
the second transistor and the fourth transistor, and 

a fourth resistor connected between the control electrode of 
the second transistor and a first electrode of the second 
transistor. 

10. The battery pack of claim 9, wherein the fourth tran 
sistor is configured to be turned on when the first level signal 
is provided from the second vibrator circuit into the control 
electrode of the fourth transistor. 

11. The battery pack of claim 5, wherein the blocking unit 
comprises: 

a first blocking unit configured to turn off the discharge 
control Switch; and 

a second blocking unit configured to turn off the charge 
control switch. 

12. The battery pack of claim 11, wherein the first blocking 
unit comprises: 

a fifth transistor connected between the first and control 
electrodes of the first transistor; 

a sixth transistor connected between a control electrode of 
the fifth transistor and the ground; 

a fifth resistor connected between the control electrode of 
the fifth transistor and the first electrode of the first 
transistor, and 

a sixth resistor connected between the control electrode of 
the fifth transistor and the sixth transistor. 

13. The battery pack of claim 12, wherein each of the fifth 
and sixth transistors is configured to be turned on when the 
blocking signal is input into the control electrode of the sixth 
transistor. 

14. The battery pack of claim 11, wherein the second 
blocking unit comprises: 

a seventh transistor connected between the first and control 
electrodes of the second transistor; 

an eighth transistor connected between a control electrode 
of the seventh transistor and the ground; 

a seventh resistor connected between the control electrode 
of the seventh transistor and the first electrode of the 
second transistor, and 

an eighth resistor connected between the control electrode 
of the seventh transistor and the eighth transistor. 

15. The battery pack of claim 14, wherein each of the 
seventh and eighth transistors is configured to be turned on 
when the blocking signal is input into the control electrode of 
the eighth transistor. 

16. The battery pack of claim 5, wherein a terminal of the 
battery pack is configured to be connected to the first elec 
trode of the second transistor when a terminal of the battery 
cell is connected to the first electrode of the first transistor, 
and 

wherein the terminal of the battery cell is configured to be 
connected to the first electrode of the second transistor 
when the terminal of the battery pack is connected to the 
first electrode of the first transistor. 

17. A method of controlling a battery pack including at 
least one battery cell, and a battery management system con 
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figured to control a charge/discharge control Switch con 
nected between the battery cell and a terminal of the battery 
pack, the method comprising: 

monitoring an operating state of the battery management 
system based at least in part on an operating signal 
received from the battery management system; 

controlling an on/off State of the charge/discharge control 
Switch based at least in part on a monitored result; and 

turning off the charge/discharge control Switch when a 
blocking signal is received from the battery management 
system while the charge/discharge control Switch is 
turned on, 

wherein the operating signal comprises a first operating 
signal having a varying level or a second operating sig 
nal having a constant level. 

18. The method of claim 17, wherein the monitoring fur 
ther comprises: 

determining that the battery management system is oper 
ating normally when the battery management system 
outputs the first operating signal; and determining that 
the battery management system is operating abnormally 
when the battery management system outputs the sec 
ond operating signal. 

19. The method of claim 18, wherein the controlling further 
comprises: 
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determining that the battery management system is oper 
ating normally when the charge/discharge control 
Switch is turned on; and 

determining that the battery management system is oper 
ating abnormally when the charge/discharge control 
Switch is turned off. 

20. A battery pack including at least one battery cell, the 
battery pack comprising: 

a charge/discharge control Switch connected between the 
battery cell and a terminal of the battery pack and con 
figured to control charge and discharge current of the 
battery cell; 

a battery management system configured to generate an 
operating signal to control the charge/discharge control 
Switch, wherein the operating signal comprises a first 
operating signal having a varying level or a second oper 
ating signal having a constant level; and 

a monitoring unit configured to determine, based at least in 
part on the first operating signal, that the battery man 
agement system is operating normally and to control the 
charge/discharge control Switch to remain turned on, 
and wherein the monitoring unit is further configured to 
determine, based at least in part on the second operating 
signal, that the battery management system is operating 
abnormally and turn off the charge/discharge control 
Switch. 


